The modification of sodium montmorillonite (MMT-Na) through the incorporation of n-hexadecyltrimethylammonium chloride (HTACl) cations into the clay's interlayer spaces has been studied. Alkylammonium concentrations equivalent to 10-200% times the cation exchange capacity of the clay were used. The conformation of the surfactant cations in the confined space of the silicate galleries was investigated by X-ray diffraction analysis, scanning electron microscopy and Infrared spectroscopy (IR). High resolution thermogravimetric analysis shows that the thermal decomposition of modified montmorillonite occurs in three steps. The first step of mass loss is related to dehydration of adsorbed water and water hydrating metal cations such as Na + . The second step of mass loss is attributed to the decomposition of surfactant. The third step is due to the loss of OH units during the dehydroxylation of the montmorillonite. The conformation of the surfactant cations in the confined space of the silicate galleries is investigated by X-ray diffraction analysis. These analyses are very important for any attempt to incorporate the organomodified montmorillonite (OMMT) particles into different media for various applications such as polymer nanocomposite preparation.
INTRODUCTION *
Clays find wide range of applications, in various areas of science, due to their natural abundance and the propensity with which they can be chemically and physically modified to suit practical technological needs.
Smectites are widely used clays by virtue of their high cation exchange capacity, excellent ability to swell, high platelet aspect ratio and ease with which their surface can be modified. 1 The crystal structure of the unit layer consists of tetrahedral silica sheets combined with sheets of octahedral alumina or magnesia. 2 Smectite clays, * Corresponding author: bsouf77@yahoo.fr such as montmorillonite (MMT), belong to the structural family of 2:1 phyllosilicates. Their unit layer includes an octahedral sheet of alumina or magnesia sandwiched between two tetrahedral silica sheets. The adjacent sheets are bonded together through the sharing of oxygen atoms between silica and alumina atoms. Because of replacement of silicon ions (Si 4+ ) by aluminium ions (Al 3+ ) in the tetrahedral layers or similar replacement of aluminum ions (Al 3+ ) by magnesium ions (Mg 2+ ), montmorillonite layers are negatively charged ( Fig. 1) . Thus, cations such as sodium, potassium and calcium are attracted to the mineral surface to neutralize the negative layer charges. Because of the hydration of inorganic cations on the exchange sites, the clay mineral surface is hydrophilic in nature, which makes natural clays ineffective sorbents for organic compounds. 3, 4 Presence of inorganic cations on the basal planar surface of montmorillite layers makes it hydrophilic in nature and hence renders the clay ineffective for absorption of aliphatic and relatively hydrophobic compounds. 5 However, cation-exchange reactions have been traditionally exploited as an effective method to replace these inorganic ions with organic cationic surfactant molecules which intercalate into the clay gallery, resulting in expansion of the interlayer spacing thereby leading to an increase in the basal spacing. These organic cations render the clay mineral hydrophobic at the surface while also increasing its wettability and thermodynamically favorable interactions with organic molecules.
Either unmodified or modified clays (Organoclays) have been mostly chemically modified for various industrial applications such as rheological additives, as thickeners in coating products, glues, platisols, drilling fluids, cosmetics 6, 7 and for wastewater treatment. 8, 9 The new pesticide formulation using clay minerals can be used for potential applications such as removal of toxic compounds from environment and to reduce dispersion of pollutants in soil, air and water. 10, 11 Organomontmorillonites are synthesized by introducing cationic surfactants such as quaternary ammonium compounds into the interlayer space through ion exchange. 12 Long chain alkylammonium cations can form a hydrophobic medium within the clay interlayer and act in analogy to a bulk organic phase. The intergallery distance of d (001) plane of the clay which has not been modified, is relatively small and the intergallery environment is hydrophilic. Intercalation of an organic surfactant between the clay layers can not only change the surface properties from hydrophilic to hydrophobic, but also significantly increase the basal spacing of the layers. 13 It is generally accepted that the extent of swelling depends on the length of the alkyl chain and the cation-exchange capacity (CEC) of the clay. 14 The use of thermal analysis techniques to study montmorillonitic clays is well known. 15 A recent review has demonstrated the applicability of DTA-TGA for differentiating between adsorbed and free organic matter and also between ionic and molecular adsorption. 16 The purpose of this paper is to report the changes in the structure of the montmorillonite which has been modified by an ion exchange reaction at levels between 10 and 200% of the CEC and the conformation of the surfactant (nhexadecyltrimethylammonium chloride) molecules into the silicate galleries was investigated. X-ray diffraction and thermogravimetric analysis are used to study the changes in the organoclay basal spacing depending on the content of the surfactant. 
EXPERIMENTAL Materials
Ruffi an montmorillonite (MMT) with cationic exchange capacity of 95 meq/100 g was supplied by the County of Maghnia, Algeria, and used after purification. The modifi cation agent is n-hexadecyltrimethylammonium chloride HTACl (Alfa Aesar, 96%).
Sodium montmorillonite (MMT-Na) preparation
The original clay mineral used in the present work was Maghnia montmorillonite (MMT). It was isolated from Maghnia clay (Algeria) by successive decantation from the aqueous suspensions. The raw material was dried in the oven at 110°C for four days, ground in an agate mortar and sieved in 100 µm filter. The obtained powder was immersed in a H 2 O 2 (30%) solution for 48 h in order to eliminate the organic materials. The clay suspension was then washed seven times in distilled water at 30°C using the centrifugation process. Dried at 50°C for five days, the precipitate was sieved in 100 µm filter. 170 g of the prepared clay was dispersed in 5 L of (1M) NaCl solution and stirred for 30 min at 40°C using the centrifugation method. The procedure was repeated four times and the obtained suspension was kept for 48 h. The precipitate was collected by filtration and rinsed with distilled water at 80°C until an AgNO 3 test verified the absence of chloride. Dried at 80°C for 48 h, ground in a mortar and sieved with 100 µm filter, the MMT-Na was stored in a vacuum desiccator for five days.
Organoclays (OMMT) preparation
The organic clay was prepared by cation exchange reaction between the sodium cation of the MMT and modifying agent (HTACl) (Fig. 2) . Typically, 100g of MMT-Na was suspended into 600 ml distilled water and stirred for 1h at 75°C. Then clay suspensions were dropwise slowly added into the modifying agent (34,4g HTACl + 200 ml distilled at 75°C), the mixture was stirred vigorously for 2 h at 75°C. A series of montmorillonite samples organomodified (OMMT) to different degrees were prepared by this ionexchange reaction. Each time, a suitable quantity of HTACl, equivalent to 10-200% times the CEC (Cationic Exchange Capacity) of the MMT-Na. The organic modified clay was separated by centrifugation (4000rpm, 7min). after, that, the precipitate was collected on a filter paper, washed three times with distilled water at 65°C under the control of AgNO 3 . The precipitate was dried to obtain a modified montmorillonite with HTACl (MMT-HTACl).
CHARACTERIZATION
The differences in surface morphology of the prepared clays were visualized using a Jeol JSM-5900 LV scanning electron microscope. The samples were coated with a carbon thin film under vacuum in an Agar auto carbon coater.
The infrared analysis was conducted on a Shimadzu FTIR-8300 spectrophotometer, using KBr disc method.
X-Ray Diffraction (XRD) patterns were obtained with a Philips diffractometer (PW-1710) using CuKα (λ = 1.54 Å) radiation at room temperature. All scanning were performed in 2θ range 2-10 degrees. The basal spacing distance of silicate layers were calculated from the estimation of (001) plane peak in XRD patterns using the Bragg's law:
The thermal decomposition determined by thermal gravimetric analysis (TGA) was conducted on a Shimadzu TGA-51H analyzer. Differential scanning calorimetry (DSC) analysis of the various clays was performed on a Shimadzu DSC-60 with. Temperature Program (TGA and DSC) = Heat from 30 °C to 900 °C; with a heating rate of 10°C/ min in Nitrogen atmosphere with a purge rate of 20 mL/min.
RESULTS AND DISCUSSION

Scanning electron microscope images (SEM)
The surface morphology of both, the natural and the organomodified montmorillonite is illustrated in Fig. 3 . This figure presents typical images of both kinds of clay, when they are examined with SEM. The image for the organically modified montmorillonite (MMT-HTACl) shown here corresponds to the case where the surfactant added was equal to 200% of the mineral CEC. Sodium montmorillonite (MMT-Na) shows a massive and aggregated morphology. However, the presence of the alkylammonium cation expands the clay structure, which exhibits a more open morphology, while individual blocks of layers can be distinguished in it (Fig. 3b ).
IR spectroscopy
FTIR spectra of sodium montmorillonite and those organically modified clays are shown in Fig.  4 . As noted, all the spectra show bands at 3636 and 3395 cm −1 attributed to O-H stretching for the silicate and water, respectively, 1639 cm −1 (related to O-H bending), 1040 cm −1 (owing of stretching vibration of Si-O-Si from silicate), 917 cm −1 (from Al-OH-Al deformation of aluminates), and 524 and 472 cm -1 (Al-O stretching and Si-O bending vibrations of MMT, respectively). 17 However, there are some bands in organoclays samples spectra which are not exhibited by the sodium clay; these bands were located at 2924, 2842 and 1475 cm −1 and were assigned to C-H vibrations of methylene groups (asymmetric stretching, symmetric stretching and bending, respectively) from chemical structure of the surfactant. 18 
XRD analysis
Fig . 5 presents the XRD curves for the various dried clays. The interaction between the clay and the surfactant led to a shift of the d (001) diffraction peak of NaMMT toward lower 2θ values, implying the expansion of the interlayer space due to the alkylammonium intercalation. Basal spacings reflect the proportion of the interlayer occupied by the amphiphilic substances. For this reason, the gallery spacing gradually increases, depending on the amount of HTACl interacted with the layered silicate.
Depending on the alkylammonium packing density and the alkyl chain length, the carbon chain can be arranged in the montmorillonite interlayer spaces, forming either monolayers or bilayers parallel to the clay surface or pseudotrimolecular layers or paraffin complexes. 19 These arrangements can be detected by the clay basal spacing. The thickness of a MMT layer is 9.4-9.6 Å, while the height of the alkyl chain lying parallel to the clay layer ranges between 4 and 4.5 Å. 20 Fig. 6 depicts data relating the d-spacings with amine concentrations normalized to % CEC of the unmodified clay. Comparison of these data with the alkylammonium packing modes suggested in 19 indicates that the clay basal spacing changes in a stepwise fashion with the increase of the HTACl loading. In addition, between steps there is a linear increase of the spacing.
For the HTACl concentrations examined (up to normalized 300% CEC), the two steps marked with a solid line in Fig. 6 correspond to constant values of d001: ≈ 15 and ≈ 20Å. Addition of HTACl equivalent to 10-50% results in a relative constant d001 spacing (≈15 Å), suggesting a coexistence of HTACl and Na+ within the same interlayers. Besides, the basal spacing is mainly governed by a monolayer arrangement of the alkylammonium cation. 19, 20 Exchange beyond 50% CEC and up to 100% CEC causes a linear increase of the basal spacing. This linear increase of the d-spacing corresponds to a mixed situation where both complete monolayers and incomplete bilayers of amine are present inside the galleries. During this linear increase of the d-spacing, the arrangement of the amine cations inside the interlayer spaces undergoes a transition: The monolayer arrangement is gradually transformed into a bilayer one. This transition between the two principal conformations is also supported by the peak broadening in the diffractograph for the 75% CEC coverage (Fig. 5 ). This broadening may be the result of superimposing reflections that correspond to dspacings of about 13 Å (amine monolayer) and 20 Å (amine bilayer). This is in accordance with observations reported in. 21 The complete bilayer arrangement requires an HTACl quantity higher than the clay CEC and up to 150% CEC coverage. Further increase of the amine concentration forces the gallery space to expand, leading to the formation of a pseudotrimolecular layer, when the amine concentration reaches 200% of the clay CEC. 22 However, recent studies 23, 24 claim that the conformation of the surfactant tails is more random, which means that the step changes shown in Fig. 6 may not be as clear-cut as drawn in the figure. Moreover, a linear dependence of the basal spacing on the mass ratio of organic to clay is suggested. [23] [24] [25] 
Thermogravimetric analysis
The picture that emerges from all the above regarding the conformation of the organomodifier inside the clay galleries is helpful for explaining the thermal behavior of the mineral.
MMT-Na displays two thermal degradation transitions. 26 The first one starts in the range ambient to 200°C due to the volatilization of both the free water (i.e., the water sorbed on the external surfaces of crystals) and the water residing inside the interlayer space, forming hydration spheres around the exchangeable cation. 27 The second transition is ascribed to the loss of dehydroxylation of the structural OH units of the montmorillonite over the 500-1000°C temperature range. The temperature intervals of water release corresponding to these processes as well as the amount of water released is dependent upon the nature of adsorbed cations and the hydration of surface. 28 On the other hand, organically modified montmorillonite undergoes a four-step decomposition process. 29 The vaporization of free water takes place at temperatures below 200°C, while the surfactant's decomposition happens in the temperature range 200-500°C. Dehydroxylation of the aluminosilicates occurs between 500-700°C. The last step is the decomposition associated with the combustion reaction between organic carbon and inorganic oxygen (combustion of the charcoal) at temperatures between 700-1000°C. 30 Figures 7 and 8 present TGA curves and their first derivatives (DTG) for MMT-Na and organo-philic montmorillonite (OMMT). From the data presented in Fig. 8 , it follows that there are two regions of water thermodesorption process. The peak observed at 63°C (MMT) in DTG curves is assigned to the evaporation of bulk liquids from grain spaces and capillaries. 31 The peak observed at 97.1°C is attributed to the evaporation of the interlayer water. The intensity of this peak is proportional to the amount of water comprised. Pristine MMT contains a large quantity of water (5.37%) ( Table 1 ) due to hydrated sodium (Na + ) and hydrated calcium (Ca 2+ ) cations intercalated inside the clay layers. This quantity was progressively reduced with the increase of the surfactant added. Also, the temperature at the maximum rate of volatilization of this water was reduced too. The presence of alkylammonium within the interlayer spacing lowers the surface energy of the inorganic material and transforms the hydrophilic silicate surface to an organophylic one.
At surfactant concentration ranging from 10 to 75% CEC, the temperature at the maximum rate of decomposition of the intercalated HTACl varies from 292.3 to 335.2°C and includes one step. As the surfactant addition exceeds 75% CEC, initialization of a second and a third DTG peak were observed at lower temperatures. The temperature of the second peak decreases from 300.6°C (100% CEC) to 290.3°C (200% CEC). This peak was associated with the surfactant adsorbed to the external surfaces of the clay. In the same samples, the third peak temperature approaches 256°C, temperature of the pure surfactant, was probably due to the thermal decomposition of the free surfactant molecules that were not adsorbed.
Xi et al. 32 distinguished three different molecular environments for surfactants in montmorilloniteammonium organoclays: (1) surfactant cations intercalated into the interlayer spaces through cation exchange and bound to surface sites via electrostatic interaction; (2) surfactant (cations and/or molecules) physically adsorbed on the external surface of the particles and (3) surfactant molecules located within the interlayer spaces. The authors found that the organoclays prepared at low surfactant concentrations exhibited better thermal stability than those prepared at high surfactant concentrations. Consequently, the thermal stability of organoclays was influenced significantly by the surfactant adsorbed on the external surfaces. Our results are in agreement with these observations. Xi et al. 33 indicated that the molecules of surfactant exceeding the CEC adhere to the clay mineral surface by van der Waals forces and their properties are very similar to those of pure surfactant. The surfactant, physically adsorbed on the external surface, can be removed after washing, resulting in an increase in thermal stability and a decrease in surface energy of the resulting organoclay. 34 Another peak was observed at a temperature around 500°C; this peak was associated to the oxidized residual carbon compounds.
The mass loss at temperature higher than 550°C was attributed to the water molecules formed from hydroxyl groups and the corresponding temperature (Tmax) at which the dehydroxylation takes place, are given in % CEC 1. As long as the concentration of surfactant is low, this temperature does not significantly change. Surfactant addition higher than 25% CEC results in a considerable change of dehydroxylation temperature. Furthermore, as the surfactant concentration rises, the intensity of the respective DTG peak decreases, owing to the smaller part of inorganic material in the organoclay. Fig. 9 shows the values of the mass loss as a function of its content added. 
Differential Scanning Calorimetric Analysis (DSC)
DSC curves of organoclays are displayed in Fig. 10 . At concentration of HTACl ranging from 10 to 75% CEC, one significant exothermic change is observed at maximum temperatures between 346.2 and 363.2°C. This change is due to the successive decompositions of adsorbed and intercalated organic cation associated with maximum rate of thermooxidative destruction of the various organic compounds and the deposition of various condensation products formed as the results of a complex series of reactions.
The endothermic reactions associated with HTACl desorption and breakdown are not observed since the oxidation of the amine and its decomposition products are themselves highly exothermic processes. As the concentration of HTACl exceeds 75% CEC, a second exothermic change with lower temperature (243.9 to 253.8°C) and intensity is observed. This change is attributed to the decomposition and oxidation of free HTACl molecules. Another change is detected between 450 and 650°C, (488.3°C in the case of 200% CEC). This may be ascribed to the oxidation of residual carbon, part of which is oxidized at higher temperature, along with the dehydroxylation of the clay. 35 
CONCLUSION
The morphological and structural examination of sodium montmorillonite that was organically modified by various concentrations of nhexadecyltrimethylammonium chloride (HTACl) cations, as revealed by SEM and XRD, respectively, showed that the conformation of the HTACl cations inside the confined interlayer spaces of the clay strongly depends on the amount of the surfactant inserted into the silicate galleries. Subsequently, and as the TGA studies showed, an increase in the surfactant packing density within the interlayer space decreases the clay's thermal stability, whereas it raises the degree of the mineral's hydrophobication.
The preceding results accentuate the importance of alkylammonium concentration in the modification process of natural montmorillonite and have important implications for any attempts to incorporate the organomontmorillonite particles in the preparation of polymer nanocomposites.
